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® Electrophotographic photosensitive 
device unit using same. 



member, electrophotographic apparatus using same and 



® An electrophotographic photosensitive member is constituted by disposing a protective layer and a 
photosensitive layer on an electroconductiv© support In this order. The protective layer Is characterized by 
containing an elBCtroconductive particles, fluorine-containing resin particles and a binder resin. The phctosen- 
sttive layer is suitable for providing an electrophotographic apparatus showing excellent electrophotographic 
characteristics such as a high photosensitivity and a low residual potential and a>» ^.cHng good .mage 
forming properties under any environmental condition, improved pause memory charactensttcs and a decreased 
transfer memory. 
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The present Invention relates to an electrophotographic photosensitive member (hereinafter, simply 
referred to as "photosensttve member"), particularly to a photosensitive member having a specific 
protective layer. 

The present Invention also relates to an electrophotographic apparatus and a device unit respectively 
using the photosensitive member. 

Heretofore, there have been known photosensitive members to be applied to an electrophotographic 
process generally Including the steps of: charglng^posure-development-transfer-cieanlng-charge erasure. 
More specifically, an electrostatic latent image formed through the steps of charging and exposure* 
visualized into a toner image by a developing fine particles called "toner" in the step of development. The 
toner image was transferred to a transfer-receiving material such as paper by transfer means. At this time, 
an the toner particles is not transferred but a part of the toner particles stays at the surface of the 
photosensitive member. 

If a large amount of such residual toner particles stays at the surface of a photosensitive memoer, b 
resultant image to be formed on a transfer-receiving material has considerably decreased toner particles in 
a mottled or spotted form, thus failing to provide uniformity of the Image. Moreover, the photosensitive 
member encounters a problem of toner sticking to the surface of the photosensitive member or occurrence 
of filming phenomenon. 

In order to solve the problems, the photosensitive msmber Is required to have an improved reteasattfity 
ai the surface thereof. 

The photosensitive member Is also required to have a durability against external forces such as an 
electrical force and a mechanical force because the external forces are directly imposed on «he photosen- 
sitive member in the above-mentioned electrophotographic process. More specifically, the photosensitive 
member is required to have resistances to abrasion and mar due to friction and a resistance^ deterioration 
on a surface layer due to adhesion of active substances, such as ozone and MOx. generated at the feme of 

Char S"Srder to satisfy the above characteristics, various protective layers for a photosensitive nw^ r - 
particularly those comprising a resin as a main component have been studied and proposed. Among them, 
many protective layers formed by adding metal or metal oxide to a resin to control an electrical resistance 
of the protective layer have been proposed. However, a photosensitive member using such a protective 
layer has encountered a problem of remarkable decrease in photosensitivity because absorption of light m 
the protective layer is caused to occur and an amount of light arriving at the photosensitive layer .a 

d8C Ac»rding!y. there has been proposed a method of preventing a decrease in photosensitivity by 
dispersing metal oxide having an average particle size of at most 0.3 urn as etectroconductlve partctes 
within a protective layer to improve a transparency to visible light as disclosed in, e.g.. Japanese Lad-Open 
Patent Application (JP-A) No. 30846/1 982. 

Such a dispersion of metal wide in a protective layer for a photosensitive member generally is 
performed in order to control an electrical resistance Of the protective layer alone to suppress an increase in 
a residual potential within the photosensitive member. There has been known ^'^^J****** 
photosensitive member may suitably have an electrical resistivity in a range of 10'" - 10* <»™™- 
However, in the above resistivity range, an electrical resistance of the protective layer Is liable to vary 
depending upon a degree of ion conduction, thus largely changing a value of the 
depending upon environmental conditions such as temperature and humidity. Particuterly. ***nmetal «J* 
paSfc.es hUJbeen dispersed in a protective layer, it has been heretofore "tokcepS * ^ 

protective layer being whhln the above resistivity range during a repebbve electrophotographic process 
under various environmental conditions because the metal oxide parbcles generally have a (any water 
absorption properties at the surface thereof. Further, under a high hum.drty condrtion active s«bs^c^ 
such as ozone and NOx generated by charging repetitively attach to the surface of a photosenatve 
member tocause decreases in a resistivity at the surface of the photosensitive member and a reteasabrttty 
of toner particles, thus resulting In occurrence of image flow and an insufficient un *^ * ^fL* no- 
lo order to remedy the above drawbacks, there have been proposed vanous protective layers Including 
one containing an additive such as fluorine^ontaining silane coupling agent titanate coupkng agent or 
Sf,S ^ disclosed in JP-A 306857^089; one containing metal or metal oxide fine particle* having 
£££ ttSium end resistance to humidity by effecting water-repellent treatment to the fine photos 
together wttha binder resin as disclosed in JP-A 29506*1987; and one fine particles ^^^.^ 
i ^ such as titanate coupling agent, flucrine-contalning silane coupling agent or acetoalkoxyalum.num 
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diisopropylate, together witty a binder iesin as disclosed In JP-A 50167/1990 corresponding to U.S. Patent 
No 5*008 1 72 

" These protective layers, however, are still insufficient in releasability of a binder resin per ee used for a 
protective layer, resistances to abrasion and mar due to friction and a resistance to active substances audi 
as ozone and NOx, thus failing to satisfy electrophotographic characteristics meeting a recent requirement 

of improved image quality as yet. „ . , ha _ 

With recent requirements of improved durability and high image quality, a photosensitive member has 
encountered a new problem of "pause memory characteristic- being one of deterioration phenomena. More 
specifically, pause memory characteristic means a phenomenon that a chargeability at a part of a 
photosensitive member immediately under a corona charger is decreased when the rotation of the 
photosensitive member is paused in repetitive copying, whereby the part of the photosensitive member has 
a decreased image density in a normal development system and has an increased image density in a 
reversal development system. Such a phenomenon (I.e.. pause memory characteristic) is liable to occur 
after repetitive use for a long term, thus being a more species problem with an elongated lite ot a 

is photosensitive member. . . . — _ 

Moreover, in a reversal development system meeting a recent digital copying system, a so-caiied 
"transfer memory" by which a chargeability is changed depending upon the presence or absence of 
transfer cufrent because primary charging and transfer charging are performed by using polarities opposite 
to each other is caused to occur, thus resulting in an unevenness in image density. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished in order to meet the above requirements. 
An oblect of the present invention is to provide an electrophotographic photosensitive member having a 
surface with advantages including a high releasability and excellent resistances to abrasion and mar and 

also capable of keeping high image quality. 

Another object of the presort invention is to provide a photosensitive member free from a decrease m a 
surface resistance (resistivity) due to adhesion of active substances generated by repetrtve use and 
caoabte of retaining high image quality even under a high humidity condition. 

Another obiect of the present invention is to provide a photosensitive member showing stable 
electrophotographic characteristics wherein accumulation of residual potential and a decrease in photosen- 
sitivity are not readily caused to occur even when U3ed repetitively. 

Another object of the present invention Is to provide a photosensitive member having a decreased 

transfer memory even in a reversal development system. -^ mhc . 

Another object of the present invention is to provide an electrophotography photosensitive member 

havino an improved pause memory characteristic. . . 

Another object of the present invention is to provide an electrophotographic apparatus and a device unit 
msoactivelv Including the electrophotographic photosensitive member. 

A^Sng to the presenThwention. there is pmvldad an electrophotographic pbotoscmsrtive member. 
compnsTng:^ electrecoXtive support, and a photosensitive layer and a protective 'ayer disp^^on the 
etecSoconductive support In this order, wherein said protective layer comprises electrocondudtve particles. 

^t^T^l^rT^T^ provided an electrophotographic apparatus and a 
device unit Including the above-mentioned electrophotographic photosensitive member. 

Z^ ZoZ objects, featums and advantages of the present invention will become more apparent 
gporTa consideration or the following description of the preferred embodiments of the present invention 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic stnictural view of an electrophotographic apparatus using an electrophotog- 

ranhic ohotosensitive member according to the present invention. 

Rgurel Ts I . block diagram of a facsimile machine using an electrophotographic apparatus according to 
th© present inverrtJon as a primer. 



20 



25 



90 



35 



40 



45 



50 



66 



3 



PAGE 31/67 ■ RCVD AT 2/26/2007 3:24:22 PM [Eastern Standard Time] * SVR:USPTO€FXRF-1/22 » DNIS:2738300 * CSD.61245M801 * DURATION (mm-ss):21-04 



02/26/2007 14:00 612-455-3801 



HSML, P.C. 



PAGE 32/67 



EP 0 606 074 A1 



10 



IS 



20 



25 



30 



35 



to 



DETAILED DESCRIPTION OF THE INVENTION 

The electrophotographic photosensitive member according to *e present invention is characterbsdby 
a protective layer comprising eleetroeonductive particles, fluorine-containing resin particles and a binder 

'"'The eleetroeonductive particles used In the present invention may include those comprising metal, 
metal oxide and carbon black- Examples of metal may include: aluminum, zinc, copper, chromium, nickel, 
stainless steel, silver, etc.: and plastic particles the surface of which is covered with vapor-depos.ted these 
metals Examples of metal oxide may include: zinc oxide, titanium oxJde, tin oxide, antimony oxide. InaTum 
oxide, bismuth oxide, indium oxide doped with tin. tin oxide doped with antimony, and zirconium oxWe 
doped vrfth antimony. THese materials may be used singly or in combination of two or more species. When 
two or more species of these materials are used, they may be simply mixed or be formed .nto a solid 

solution or a fused mixture. „ortM« 
The eleetroeonductive particles used in the present inventton may preferably have an average perbcie 
size of at most 0.3 urn. more preferably at most 0.1 pm. in view of prevention of a decrease in 

^^ie'above materials for the eleetroeonductive particles, metal oxide as described above may 
particularly be preferred in view of transparency etc 

The fluorine<ontainlng resin particles used In the present invention may incbde those comprising 
polymers, such as, tetrafluoreethylene resin, chlorotrifluoroethyleno resin, hexafluonneted ethylene pro- 
pylene resin, vinyl fluoride resin, vlnylidene fluoride resin, rJchlorodltiuoroethylene resin, and <* 
these polymers. These materials may be used singly or in combination ol two or more species. In these 
materials, tetrafluoroethylene resin and vinylidene fluoride main may preferably bjeused 

The fluorine-containing resin particles can appropriately be selected from above matenals hawig 
various molecular weights and particle slzea. The fluorine-containing res.n particle: "generally I have a weight 
average molecular weight (Mw) of 3,000 - 1 0,000.000 and also have an average particle size of afln I ■ J urn . 

The binder resin used in the pmtective layer may include various resins such as polycarbonate resin, 
polyester resin, polyarylate resin, polystyrene resin, polyethylene resbi. polypropylene ™<V^**™ 
resfn, acrylic resin, epoxy resin, silicone resin, cellulose resin, vinyl chlor.de resin phosphazene resin, 
melam^Lin, and vinylchlonde-vinyl acetate copolymer. These binder resins may be used singly or ,n 

'"T^^^JS^ resins (,*.. thermosetting resin or polymers obtained through 
theria.- orSSo-polymerization) may desirably be used in view of properties otthe P«^ve ^ such 
as surface hardness, resistance to abrasion (or wear), dispersibility of fine particles, and stability of 
dispersion. More specificaHy. in a preferred embodiment, eleetroeonductive panlc.es and nuonne-conta,n,ng 
res* particles are dispersed in a solution of a curable (or polymerfzable) monomer or ongomer capable of 
be!™ SrnS-^ pSto^red (or polymerized) in an appropriate solvent to form a coating liquid for a 
p2c£Xr ThTSating BouM ^applied onto a photosensitive layer. followed* curing i (or ^meHza- 
Son) by being or Bght irradiation to form the protective layer. The thus formed P^^^T may 
preferably be uml in me present invention in view ol dispersibility. hardness, rea-stance to 

Senerally. tiiermal- or photo-curable (or polymerlzable) monomers or oligomers rmy^g. have at leas 
one functional group as a terminal group causing polymerization reaction by ushg therm* energy or tight 
energy in the above, relatively high molecular weight compounds having 2 - 20 recurnng sectoral unte 
ma7te referred to as "oligomer" and compounds having relatively low molecular weight smaller than those 

of such oligomers may be referred to as "monomer". , 

Examples of the above-mentioned functional group causing polymerized reaction may ncludo 
□roups having a double bond of C=C. such as acryloyl group, methacryloyl group and vmyl 9™^nanol 
gZ: groups causing ring-opening polymerization, such as cyclic ether group: and , on more spaces of 
compounds, such as phenol and formaldehyde, causing polymerization reaction therebetween _ 

Ths or^ecllve laver may preferably have a resistivity of 10* - 10 15 ohrrucm. The resistivity of the 
orJ^Te^varier^^ndi^ upon ^conductive particles content, m view of the above preferred 
reS£o?!he pmtTctKye^Tprotecttve layer may preferably comain 10 - 60 wt %. more preferably 
?o - 70 wt % of the ©lectroconductlve particles. _ t mi „ . _ 

Z prrt^L .ayer may preferably contain S - 70 wt. %, more preferably 10 -60wt.%^ «^o"£ 
'^iJT^rin no^la* Above 70 wL % Ihe protective layer is liable to have a lowered machan-cal 
S5?JS ri C tT^cL«ve layer L to have sufficient properties such as ratability, 
resistance to abrasion, and resistance to marring. . . A c B IIm 

^protective layer may preferably have a thickness of 0.2 - 10 um. more preferably 0.5 - 6 Mm. 
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In a preferred embodiment of the present Invention, the protective layer may further contain one or two 
or more compounds including: a coupling agent such as silane coupling agent or ttanata^ype coupling 
agent; a surfactant; a silicone oil; and a graft polymer having a water-repellent group. Among the above 
compound* compounds containing fluorine atom may particularly be preferred in view of an improvement 
in e compatibility with the above-mentioned fluorine-containing resin particles. 

Preferred examples o1 such compounds are enumerated below but are not restricted to the following 
compounds. 

Si lane coupling agent 



w 



vinyl chlorosllene, 
vinyl triethoxysilane, 
vinyl^ris(^^etTKixyBtrioxy)silane, 
^-{a^epoxycyclohexyliettiyltrlmethoxysllane. 
i s 7 -g|yddoxypropyltrifithoxysilane, 
r^0-(amorK>atnyl)^amc™propylm 
N t N-bls(04iydroxy9thy1)^^ 
r chloropropy1trtmethoxysllane, and 
7-methacryloxypropyttriethoxysilane. 



20 



Fhiorine-corrtaining sRane coupling agent 

CF 3 CH2CH 2 S(OCH3)3, 

C*F 9 CH2CH,SI(OCHs) 3 , 
23 CeFt a CH 2 CHaSi(OCH a } 3 . 

C*Fi7CH 2 CH2SKOCH 3 )3, 

Cs Ft 7CH2CH2Si<OCH2CHa OCrtj)a , 

Cn>F«iSi(0CHa>3. 

CBFi fl CONHSi(OCH3)a» 
30 CeFi7C0NHSi(0CH 8 )3, 

C7F1 sCONHCHzCHa CH2Si(CX:H a ) a . 

C7F1 sCONHCHzCHs^Sit^r^b. 

C7 F1 5 COOCH2 CrfeCHsSlfOCHfe )a P 

Cr F1 5 COSCH 2 CH 2 CH 2 Si(OCH 8 )8 , 
36 Cg F, 7 S0 2 NHGH2CH2 CH? SKOCzHs h. 



CgF 17 S02NCH 2 CH 2 CH2Si (OCH3 ) 3 
CH 2 CH 2 CH 3 



40 



C a F, 7CH2CH2 SCH^CHzSKOCHjfe , 
Cir>F2iCH 2 CH 2 SCH 2 CH2Si(OCH 3 )3 1 



50 



C 7 F I5 CONHCH 2 CH 2 I«^2 CH 2 CH 2 Si t OCH 3>3' 
COC 7 F 15 

C 7 F X 5 S0 2 NHCH 2 CH 2 NCH2 CH 2 CH 2 Si < 0CH 3 > 3 - 
S0 2 C 8 F 17 
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Fluorine-modified silicone oH 



T 3 IT 3 \ IT 3 

CH 3 -|i-o|*i-o|— Ui- 
\CH 3 /m\R 




to 



15 



20 



wherein, denotes -CHzCHaCFj, and m and n are a positive integer. 
FKiorine-contalning aurlactant 
X-SCfeNRCr^COOH, 

X-S^NRCHgCHzOtCHaCHaOJnH (n = 5, 10 f 15), 

X-SQ2N{CH 2 CH 2 CHaOH)2. 

X-ROCCH2CH20), {rt = 5. 10, 15), 

X-{RO) ft (n = 5 - 20). 

X-(RO)nR (n = S - 20), 



25 

X-GOOH, X-CH2CH2COOH, 
X-ORCOOH, 

X-ORCHaCOOH, X-SO*H, 
ao X-ORSO a H, 

X-CHaCHaOH. 



X- SO 2NRCH2CHCH 2 
O 



36 



X-CH 2 OCH 2 CHCH 2 , 
O 

X-CH 2 CH 2 OCH 2 CHCH 2 < m6 
O 

X-C0 2 CH 2 CHCH 2 

\/ 
O 



45 



In the above, R denotes alkyl group, aryl group or sralkyl group; and X denotes a fiuorocarbon group 
such as -CF 3 . -CtHa or -CaHi7. 
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Ruorine-corrtaininq graft polymer 



CH 3 

-fCH 2 -OT^CH 2 -C*n 
Rl R 2 



20 



35 



40 



o 

1 

R 1S -CO-CH 2 -CH 2 -fCH 2 *£ CF 3 

? " f 3 

r, : -CO-CH 2 -CH-CH 2 -OOC-CH 2 -S HC-CH 2 ^ H 

l | I 

OH G(JOCH3 



In the above, m, n I and k each is an integer. 
The above compounds (i-e-, coupling agent, surfactant, etc.) can be contained In the protective layer by 
treating the surface of electroconduetlve particles with at least one compound described above or by simply 
adding at least one compound described above to a coating liquid for the protective layer. In the present 
26 invention, the termer (I*., surface treatment* may preferably be applied. 

A method for performing surface treatment of eJeCtroconducBve particles may be as follows. 
Electroconduetive particles and a surface treatment agent <i.e.. the above-mentioned compounds) are 
mixed and dispersed in an appropriate solvent by an ordinary dispersion means such as a ball mill or a 
sand mill, whereby the surface treatment agent is attached or adsomed to the surface of the electoconduc- 
30 tive particles. Then, the solvent is removed from *e dispersion to hold or fix the agent to the surface of the 
electroconductive particles, followed by heat treatment as desired. Further, a catalyst tor acceleratng £e 
surface treatment may be added to the dispersion. It is possible to effect pulverization or milling after the 

^^sunSTfreatrnent agent content of electroconducttve particles varies depending upon a particle size 
erf the electroconduetlve particles- The content may preferably be 1 - 65 wt. %, more preferably 10 • 50 wt. 
% per a total amount of the electroconductive particles. 

When the above-mentioned compounds (i.e.. eoupSng agent, surfactant etc.) are used simply by 
adding, the compounds may preferably be contained in the protective layer M an amount of 1 - 100 wt. %, 

particularly 5 - SO wt % per a total amount of the electroconductive particles. 

In the present invention, the protective layer may further contain additives, such as radical scavenger 
and antioxidant, in order to improve disperslbiBty. binding properties, weathering resistance etc. 

The photosensitive layer of the photosensitive member according to the present invention may have a 
layer slructure including: a stalled 'single layer-type' structure comprising a single layer ™nta.mng ia 
charge-generating materia. (CGM) and a cnerge-transporting material (CTM); or a ao^cafled function 
sepaWon-type" structure comprising a charge generating layer (COL) eontaimng ^QM wd a ^ 
transport layerl (CTL) containing a CTM. The photosensitive layer may preferably have a function 
separation-type layer structure. .. .. , . „~ _„i /s T i ft « an 

Such a function separation-type layer structure can be formed by disposing a CGL and CTL on an 

electroconductive support in this order or in reverse order. 

The CGL can be formed by dispersing a CGM in a binder together with an appropnate solvent to form a 
coating liquid, applying the coating liquid onto an electroconductive support or a CTL. and by drying the 
coatinl At thisTme examples ol such a CGM may include: azo pigments such «S mcnoa^ p^ment, 
btea*T pigment and trisazo pigment qulnone pigments such as P^^^^'^^^^ 
nuinon-cyenine pigments: perylene pigments; indigo pigments such as ,nd«o »e 
salt pigments: and phtoalocyanine pigments. The binder may include polyvinyl ^'J^'"*' 
polyarylate. polycarbonate, polyester, polystyrene, polyvinyl acetate, acrylic resin, pclyurethane. polyvinyl 
pyrrolldone, ethyl cellulose, and cellulose acetate butyrate. 

The CGL may preferably have a thickness of at most 5 urn, more preferably 0.05 - 3 urn. 
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The CTL can be formed in the same manner as in the case ot the CGL except that a CTM is used 
instead of the CGWi and a coating liquid '« applied onto an electroconductive support or the CGL In this 
case examples of such a CTM may include: polycyclic aromatic compounds such as biphenylene. 
anthracene, pyrene. and pfcenanthrene: heterocyclic compounds such as indole, carbazole. oxadiazote. and 
pyrazoline; hydrazone compounds; styryUype compounds. Further, the binder for the CTM may include: 
polyester, polycarbonate, acrylic resin, polyarylate, acrylonHrile-styrene copolymer, polymathacrytate. poly- 
styrene, polyvinyl carbazole. end polyvinyl anthracene. 

The CTL may preferably have a thickness of 5 -40 urn. more preferably 10 - 30 urn. 
The single layer-type layer structure of the photosensitive layer may Include the above-mentioned 
materials for the CGM and CTM, It is also possible to contain a charge transfer complex comprising 
polyvinyl carbazole and trinitretiuorene. The photosensitive layer having a single layer-type layer structure 
may preferably have a thickness ol 5- 40 urn. more preferably 10-30 um. 

In the present invention, it is possible to dispose an intermediate layer between the photosensitive layer 
and the protective layer in order to improve adhesive properties, coating properties, etc. Materials lor use in 
the intermediate layer may include: casein, polyvinyl alcohol, nitrocellulose, ethylene-acrytlc acid 
copolymer, alcohol-soluble polyemtde. polyurethaiie, gelatin, ami aluminum odd©. 

The Intermediate layer may preferably have a thickness of 0.1 - 10 um, more preferably 0.3 - 2 |im. 
The electroconducttve support constituting the photosensitive member according to the present inven- 
tion may include any electroconductive material. More specifically, examples ol the electroconductive 
material may include: metal or alloy, such as aluminum, aluminum alloy, copper, cremium. nickel, zinc, or 
stainless steel; a laminated plastic film covered with a metal toll o! aluminum, copper, etc.: an plastic film 
covered with aluminum, Indium oxide, tin oxide, etc. by vapor deposition: and metal, plastic film orpaper 
each covered with an electroconductive layer formed by applying a coating liquid comprising an electrocon- 
ductive substance and an optional appropriate binder and/or solvent as desired. 

Examples of such an electroconductive substance may Include: metal powder, metal foil and metal 
short fiber each comprising aluminum, copper, nickel or silver: electroconductive metal oxide such as 
antimony oxide, indium oxide or tin oxide; an electroconductive polymer such as potypyrrole, potyaniRne, or 
polyelectrolyte; a powder material comprising carbon fiber, CBroon black, or graphite; organic or Inorganic 
electrolyte: electroconductive powder coated with the above electroconductive substances. 

Tha electroconductive support may preferably be In the form of a cylinder or drum, a sheet, or a belt. 
In the present invention, it is possible to dispose an undercoat layer having a banrter ftindhon and an 
adhesive function betwean the electroconductive support and the photosensitive layer. Materials for the 
undercoat layer may be those tor the Intermediate layer described above. 

The undercoat layer used in tits present invention may be a single layer containing or not containing 
electroconductive materials such as metal, metal oxide and carbon Mack, in a thickness of 0.1 - sum 
particularly 0.5 - 3 um. The undercoat layer may also be a laminated layer compnsmg a first undercoat 
layer containing the electroconductive materials and a second underooat tayer not containing the elec- 
troconductive materials disposed on the ebctroconductive support in this ordor. M tins instance, the first 
undercoat layer may preferably have a thickness ol 0.1- 50 um, particularly 0.5- 40 um. 

in the present invention, the above-mentioned various layers may generally befcxmed by *sp«rs.ng 
materials to be used In respective layers in an appropriate solvent, applying the resultant coating liquid onto 
the electroconductive support by means of a known coating method such as dipping, spinner coating, roller 
coating, wire bar coating, spray coating or been coating, and drying the coating^ 

The photosensitive member according to the present Invention can be applied to not only an ord nary 
electrophotographic apparatus such as copying machine, a laser beam printer, a V*™^ **J£» 
printed cattode-ray tube (CRT) printer, a liquid crystal shutter-type printer, but also oteer fields of applied 
electrophotography including, e.g.. display, recording, printing, facsimile and laser plate matan 9 

Figure 1 shows a schematic structural view of an electrophotographic apparatus using an electrophotog- 
raphic photosensitive member of the invention. Referring to Figure 1. a photosensitive 
siL member) 1 as an imege^arrying member is rotated about an axis 1a at a ^f?^^^ 
in the direction of the arrow shown inside of the photosensitive drum 1. The surface of the photosensitive 
Slum is uniformly charoed by means of a charger 2 to have a prescribed positive or negatrve potential. At 
Exposure part 3, the photosensitive drum 1 Is exposed to light-image L (as by sin ^UjecHaser 
ZZZZrtSm^Ji by using an image exposure means^t shown^whereby an £cm»M 
image corresponding to an exposure Image is successively termed on the surface of the phrfceensitve 
drom 1 Z electrostatic latent image is developed by a developing means 4 to form a toner -taja The 
toner image is successively transferred to a transfer material P which Is supplied ftorna aupp* part (not 
shown) to a position between the photosensitive drum 1 end a transfer charger 5 in synchronism with the 

8 
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rotating speed of the photosensitive drum 1, by means of the transfer charger 5- The transfer material P 
with the toner image thereon Is separated from the photosensitive drum 1 to be conveyed to a fixing device 
8 followed by Image fixing to print out the transfer material P as a copy outside the electrophotographic 
apparatus. Residual toner particles on the surface of the photosensitive drum 1 after the transfer are 
s removed by means of a cleaner 6 to provide a cleaned surface, and residual charge on the surface of the 
photosensitive drum 1 * erased try a preexposure means 7 to prepare for the next cycle. As the charger 2 
for charging the photosensitive drum 1 uniformly, a corona charger is widely used in general. As the 
transfer charger 5, such a corona charger is also widely used in general. 

According to the present invention, In the electrophotographic apparatus, it Is possible to provide a 
to device unit which includes plural means inclusive of or selected from the photosensitive member 1 
(photosensitive drum), the charger 2, the developing means 4. the cleaner 6, etc. so as to be attached or 
removed as desired. The device unit may, for example, be composed of the photosensifive member and at 
least one device of the charger, the developing means and the cleaner to prepare a single unit capable of 
being attached to or removed from the body of the electrophotographic apparatus by using a guiding 
j 6 means such as a rail In the body. 

In case where the electrophotographic apparatus is used as a copying machine or a printer, exposure 
taW-image L may be effected by using reflection light or transmitted light from an original or by reading a 
data on the original by a sensor, converting the data into a signal and then effecting a laser beam scanning, 
drive of LED array or drive of a liquid crystal shutter array in accordance with the signal. 

In case where the electrophotographic apparatus according to the present invention is used as a printer 
of a facsimile machine, exposure light-image L is given by exposure for printing received data. Figure 2 
shows a block diagram of an embodiment for explaining this case. Referring to Figure 2, a controlter 11 
controls an Image-reading part 10 and a printer 19, The whole controller 1 1 is controlled by a CPU (centra! 
orocessjng unit) 17. Read data from the image-reading part is transmitted to a partner station through a 
Emitting circuit 13, and on the other hand, the received data from the partner station Is sent to the 
printer 19 through a receiving circuit 12. An image memory 16 memorizes prescribed image data. A printer 
controller 1 B controls the printer 1 9, and a reference numeral 1 4 denotes a telephone handset 

The image received through a circuit 15 (the image data sent through the circuit from a connected 
remote terminal) is demodulated by means of the receiving circuit 12 and successively stored In an image 
memory 16 after a restotlng-signaJ processing of the image data. When .mage or at Mmp^b 
stored in the image memory 16, image recording of the page is effected. The CPU 17 reads out the image 
data for one page from the Image memory 16 and sends the image data for one page subjected to the 
restortng-signal processing to the printer controller 1B. The printer controller 18 receives the rrnage data for 
one page from the CPU 17 and controls the printer 19 in order to effect Image-data recording, Further, the 
CPU 17 is caused to receive image for a subsequent page during the recording by the prirrter 19. As 
described above, the receiving and recording of the image are performed, 

Hereinbalow, the present invention, wilt be explained more specifically with reference to examples, in 
tho following examples, -partes)- means 'weight part{s)". 

40 Example 1 

A solution of 10 parts of an alcohol-soluble poly amide resin {"Amiian CM-8000". manufactured by 
Toray ^K) and 30 parVcf a methoxymethyleted B-nylon resin (Toresin EMOT, mfd. by Teikoku Kagaku 
K KJ h a mixture solvent of 150 parts of methanol and 150 parts of butanol was applied onto an aluminum 
45 cylinder by dipping, followed by drying for 10 minutes at 90 *C to form a 1 am-thick ^derco^ ^yor 

A cc^ngfiquid for a charge generating layer (CGL) was prepared by dispersing a mixture of 4 parts of 
a bisa2o pigment of the formula: 



20 



25 



30 



36 



SO 



ss 



/qV-hnochnoc oh 
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and 2 parts of a butyral rosin ("S-LEC BL,S", rroU by Sekisui Kagaku K.K.) In 100 parte of c^lohexanoiie 
by means of a sand mill for 46 hours and by adding 100 parts of tetrahydrofuran (THF) to the above 
mixture. The thus prepaid costing liquid was applied onto the above prepared undercoat layer by dipping, 
followed by drying tor 15 minutes at BO °C to form a 0.15 urn-thick CQL. 

Onto the CGL, a solution of 10 parts of a triarylamlne compound of the formula: 



CHa CHa 



to 



75 



and 10 parts or a polycarbonate resin ("lupiron Z-200-, mtd. by Mitsubishi Gas Kagaku K£) » 

Zwm 5 20 parte of dlchloremethane and 50 parte of monochlorobenzene was appHed by doping, 

followed by drying for 60 minutes at 120 "C to form e 20 wrrHhiok charge transport layer (CTL). Thus, a 

so photosensitive layer was disposed on tho electroconductive support 

Then, a dispersion tor a protects layer was prepared as loBows. hl ^ fia , K K ■ 

tOO parts of antimony-containing tin oxide fine particles (T-1". "^^^^5^ 
average particle size of 0.02 urn). 30 parte of <3,3.3^ompmpyl)u1metlwxys,lane (mfd by Shfr.eteu 
S KjS and 300 parts of a mixture soivent of ethanol/water 05/5) were subjected to m.H.egfor 1 hour 

25 S ^ dSSC the milling, the mtxtore was fiftemd andthen the fixate wajr washed ^ancj. 
followed by drying and heat treatment for 1 hour at 120 °C to effect surface treatment of the fine particles. 
Then. 25 parts of an acrylic polymerteable monomer, to be used as a binder ream, ol Ihe formula: 



so 



CK 2 0*i CH2ORJ. 



O 



40 



45 



50 



56 



■p2 1 || 

R 1 OCK 2 -C-CH2 0 - CH 2-C-CH 2 OR 1 (Ri = -C-CH=CH 2 ). 

CH2OR2 Ca 2 °*l 

0.1 part of 2-methylthioxanthone as a photopolymeri ration initiator. 35 parte of the «J "Jj" 

treaSa antimony-containing tin oxide fine partides. and 300 parts of ^ 

96 hours. To the mixture, 25 pats of tetrafluoroethylene resin particles ("Uibton L-2 . mtt. byMWn *W0 
St, was added, foilowed by stining for 8 hours by me sand miH to form a d.sperslon for a protective laye^ 
T^e thus prepared dispersion was applied onto the photosensitive toyer by tpw«M« and d e* 
followed bTulb^lotet ray irradiation for 15 seconds by means of a high-pressure mercury lamp at a l.ght 

Wotective iayer was disposed on the photosensitive layer, whereby a photosartsitive 
member of the present invention was prepared. 

Example 2 

A photosensitive member was prepared In the same manner as In Example 1 
tatrafluorXene resin particles and 45 parts of surfac^reated anttmony-conta.nmg tm oxide 1 me particles 
were used in the step of forming the dispersion for a protective layer. 

Example 3 

A photosensitive member was prepared in the same manner as in Example i except for using an 
acrylic polymerlzable monomer of the formula: 



10 
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0 CH3 
CT 2 =CH-IUoCH 2 CH 2 ^ r (^CH^O^CH 2 CH 2 O^C-CH=CH 2 

CH 3 

(m+n = 4) 

instead of the acrylic polymerizable monomer used in Example 1. 
Example 4 

A photosensitive member was prepared in the same manner as in Example 1 except that a dispersion 
for a protective layer viras prepared In the following manner. .w.^ iu^i kk.. 

100 parts ot antimony-containing tin oxide fine particles T-1 ". mfd. by Mrtsub.sM Material IOC. 
JZ Sde size of 7.02 um), £ parts of fluonne^odifiod silicone oil ("FL-100-. mttL by Sh^eteu 
KagaKu K.K), and 300 parts of toluene were subjected to milling for 1 hour by a inftng MA «J | *J 
milling, the mixture was filtered and then the filtrate was washed with toluene, fe"owedby drying end he* 
treatment for 10 minutes at 300 °C to effect surface treatment of the fine particles. Then, 25 parts of an 
acrylic polymerizeble monomer, to be used as a binder resin, of the formula: 

<=H2° R 1 J 
CH3CH2-CH2-C-CH20RJ. = -C-CH=CH 2 ), 

CH 2 OR l 

0 1 part of 2-methylthioxanthone as a photopotymerization Initiator. 50 parte of the 
treated antimony-containing tin oxide fine particles, and 300 parts of toluene were mixed by a sand mill for 
SErnrSi* parts of tetrafluorosthyiena resin parfcles ('Lublon L-2", mfd. by Datan Kogyo 
K.K.) was added, followed by stirring for 4 hours by the sand mill. 



38 



Example 5 

A photosensitive member was prepared in the same manner as in Example 1 «"Mt M 
tetrafluo^oethylene resin particles were changed to chlorotrifluoroethylene ras.n particles ( Drflon . mid. by 
40 Oaikin Kogyo K.K.). 

Example 6 

A photosensitive member was prepared In the same manner as In Example 1 except that the ^«mony- 
<s JiSSZl** *» P-«- were changed to eieotroconductlve partlc.es com pnsing 

particles coated with oxygen-short tin oxide, i.e.. tin oxide containing o^gen lees than stolchiometry 
("Pastran IV7P-1\ mfd. by Mitsui Kinzoku Kogyo K.K.: average part.de size of 0.1 11m). 

Example 7 

A photosensitive member was prepared in the same manner as in Example 1 except that a COL and a 
CTL were formed In reverse order. 

Example 8 



so 



66 



A photosensitive member was prepared in the same manner as in ^Plel except ths* an 
intermediate layer was further disposed between a photosensitive layer and a Protective layer m the 



following manner. 
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A solution of a silicone resin fAY42-441", mid. by Toray SiGcone K.K.) in ligroln was applied onto the 
photosensitive layer by spray coating so as to provide a 0.2 nm-thick (after drying) intermediate layer, 
■followed by drying to obtain the intermediate layer. 

s Example B 

A photosensitive member was prepared In the same manner as in Example 1 except for omitting the 
surface treatment of the electroconductrve particles. 

jo Comparative Example 1 

A comparative photosensitive member was prepared in the same manner as in Example 1 except that 
the protective layer was not used. 

?6 Comparative Example g 

A comparative photosensitive member was prepared in the same manner as in Example 1 except that 
the tetrafluoroethylene resin particles used In the protective layer were not used. 

20 Comparative Example 3 

A comparative photosensitive member was prepared in the same manner as in Example 7 except that 

the protective layer was not used. ^ , 

Each of the thus prepared photosensitive members was assembled in an electrophotographic copying 
26 machine performing an image formation process including the steps of: chargino^exposure-development- 
transfer-cleaning at a cycle speed of 1-5 sec/cycle, and was subjected to image formation at an initial stage 
under environmental conditions Including normaRempsrature (20 °C) and normal-humidity (50 %RH) 
condition (hereafter, abbreviated as "N/N"), lovMemperature (10 *C) and low-humidity (15 %RH) condition 
(hereinafter, abbreviated as "UL"), and Wgh-temperature (35 °C) and high-humidity (85 %RH) ^*on 
30 (hereinafter, abbreviated as "hVH") in order to evaluate image forming properties. Further, each of the 
photosensitive members was subjected to successive image formation of 50,000 sheets (a durability test) 
under N/N. The results are shown in Tabte 1 appearing hereinafter. 

After the image formation of 50,000 sheets, each of the photosensitive members was subjected to 
observation of an abrasion degree, Le., a thickness ^m) of a part of the photosensitive member which had 
35 been removed therefrom by abrasion. The results are also shown in Table 1 . 

In the Initial stage of the above image formation under N/N, each of the photosensitive members was 
subjected to measurement of electrophotographic properties including initial dark part potential V DA rk (V), 
sensitivity (lux^ec) and residua! potential V H (V). 

In the above "Initial dark part potential* means a surface potential (V) of a photosensitive member at 
40 the time of charging by using corona discharger (-5 KV or +5 KV (only for the Photo^sitlvo member 
oreoared in Example 7». A larger absolute value of an initial dark part potential shows a better chargeabllrry 
Wi Table 1 Further, "sensitivity ■ means an exposure quantity (E^; lux.sec) required for decreasing a 
surface potential of 700 V (absolute value) to a surface potential of 200 V (absolute value). The results are 

also shown in Table 1. ^ A - a 

Separately each of the photosensitive members was assembled in a modified copying machine of a 
copyinQ machine rNP-3825*. mfd. by Canon K.K.) in order to evaluate -pause memory characteristrc . 
More specifically, a photosensitive member was caused to have a dark part potential (V DD ) of -650 V and a 
Hoht Dart potential <V W ) of *1 50 V at an initial stage, respectively. Tnen. the copying machine was subjected 
to successive copying test of 10.000 sheets. After the copying test, a dark part potential (V w ) and a light 
oart potential (V L1 ) were measured to obtain a variation (%) In the potentials V M and V D1 and a variation % 
In thTpatantials Vu, and V LI . respectively. For example, a variation of 2 % means a change «n potential of 
13 v (1 e 650 x 2/100). Then, the photosensitive member was left standing for 24 hours wrthm the copying 
machine After 24 hours, potentials at a position immediately under the charger and another position (i.e., a 
position different from the position immediately under the charger) were measured to obtain a difference 
ts (AV (V), absolute value) therebetween. The results are shown in Table 1 , 
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Examples 10- 17 

In order to evaluate "transfer memory*, eight photosensitive members for Examples 10 - 17 were 
prepared in the same manner as in Examples 1 - 8, respectively, except that a CQL was prepared in the 

s following manner. . 

A coating liquid for a CGL was prepared by dispersing a mixture of 4.5 parts of oxytitaniumpn- 
thatocyanlne and 2 parts of a butyral rasin fS-LEO BL~S", mfd. by SeWsul Kagaku K.K.) in 100 parts of 
cydohexancna by means of a sand mill for 36 hours and by adding 100 parte of THF to the above mixture. 
The thus prepared coating liquid was applied onto an undercoat layer by dipping, followed by drying tor 15 

to minutes at 30 °C to form a 0.15 urn-thick CQU 

Example IS 

A photosensitive member was prepared and evaluated in the same manner as In Example 10 except for 
T6 omitting the surface treatment of the etecfroconductlve particles. 

Example 19 

A photosensitive member was prepared and evaluated in the same manner as in Example 15 except for 
zo omitting the surface treatment of the electroconductrve particles. 

Comparative Example 4 

A comparative photosensitive member was prepared and evaluated m the same manner as in Example 
25 1 0 except that the protective layer was not used. 

Comparative Example S 

A comparative photosensitive member was prepared m the same manner as in Example 10 except that 
so the tetrafluoroethylene rasin particles used in the protective layer were not used. 

Comparative Example 6 

A comparative photosensitive member was prepared in the same manner as in Example 15 except that 

35 the protective layer was net used. . 

Each of the above-prepared photosensitive members was assembled in a modified machine of a laser 
beam printer (trade name: LBP-SX, mfd, by Canon K.K.) as an electrophotographic printer equipped wrth a 
semiconductor laser and using a reversal development system, and subjected to measurement of a voltegD 
(V d i) of a primary charging under no transfer current application and a voltage (V^ of the pnmary charging 

« under ^rransfeVSrent appHcation to evaluate atransfer memory flV d1 l - M (V); absolute value). The resurts 
are shown in Table 2 below. 
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In the above Table 1, each evaluation results of the durability test denotes the following state. 

"Good": Good images substantially free from image delects were obtained. . . . . . 

"Transfer failure": Toner images were not sufficiently transferred to a transfer-racervlng mater.al to form 



mottled or spotted images. 

"Image Bow": Image flow was observed. 
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"Poor image density": The resultant images had poor image density. 
"Image blur*: Image blur was observed. 

The photosensitive member was not subjected to measurement or observation because the GGL 

was considerably abraded. 

Table Z 
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As shown in Table 1 , the photosensitive members prepared in Examples 1 • 8 according to the present 
invention provided good electrophotographic properties, image-forming properties under any environmental 
oondWoM M.. N/N, LA.. H/H). The photosensitive member prepared in Example 9 according to the present 
invention also provide good eiectrophotographic properties at the initial stage, but provided shghfly poor 
imaoes at and after about 35,000 sheets of copying due to a decreased chargeaMlty and .mage flow afte 
SoSo sheets. However, such properties of the photosensitive member prepared in Example 8 were still 
acceptable level for practical use. 

With respect to the comparative photosensitive members prepared in Comparative Examples 1 - 3. 

each evaluation result was as follows. 
(Comparative Example 1) 

The comparative photosensitive member showed good electrophotographic properties at the initial 
stage but failed to provided good images after about 10.000 sheets Of copying due to a decreased 
Changeability. 

(Comparative Example 2) 

The comparative photosensitive member failed to provide images over a wide area from the initial stage 
and provided image blur under H/H. Further, after 50,000 sheets of copying, image flow was observed. 

(Comparative Example 3) 

image bhir was caused to occur under H/H and good Images were not obtained after about 10.000 
sheets copying due to a remarKable decrease in photosensitivity caused by abrasion of the CGL. 

T2dlS, L comparative photosensitive members prepared ^^Z^lLlf^t 
considerable poor pause memory characteristic when compared with those prepared in Examples i 9 
according to the present invention. 
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As shown in Table 2. the photosensitive members prepared in Examples 10-19 according to the 
present Invention provided $ood transfer memory when compared with those prepared in Comparative 
Examples 4 - 6, 

5 Example go 

An undercoat layer, a CGL and a CTL were formed on an aluminum cylinder in the order in the same 
manner as in Example 1 except that the following btsazo pigment of the formula: 



TO 



f5 




used instead of the bisazo pigment for use in the CGL prepared in Example t. 
Then, a dispersion f° r a protective layer was prepared as follows, 

25 parts of an acrylic polymerizable monomer, to be used as a binder resin, of the formula: 



° i R:-CH 1 CH,OCOCH = CH, ^ 



so 



3S 



40 



2.0 parts of 2*nethyimtoxenthone as a photopolyroerizalton initiator, 45 parts of arrtlrncny^rrtaning tin 
oxidefine particles (T-1\ mfd. by Mitsubishi Malarial K.K.; average particle »za i ofO.02 urn) and 300 
part Of toluene were mixed by a sand mill for 72 bourn. To the mixture, 25 pate of telraflooroethytena resin 
oartieles riublon L-2', mid. by DaBrin Kogyo K.K.) and 20 parts of fluorine-containing silana coupLng agent 
(Cif^CHiCHjSKOC^W were added, followed by stirring for 4 hours by the sand mill to form a disperse 

^^JmutpSpaled dispersion was applied onto the photosensitive layer by spray coating and dried 
followed by ultraviolet ray irradiation for 20 seconds by means of a high-pressure mercury lamp at a light 

40 inlBn ^ s rt a ™^]J! 1 , 2j protecfive teyer was disposed on the photosensitive layer, whereby a photosensitive 
member of the present invention was prepared. 



Example 2t 

A photosensitive member was prepared in the same manner as in Example 20 except that 45 parts of 
tetranuoroethylene resin particles and 35 parts of fluorine-containing silane couphng agent were used in the 
step of forming a dispersion for a protective layer. 

so Example 22 

A photossnsitive member was prepared in the same manner as in ^&J*J^™™ 
Intermediate layer was further disposed between a photosenslttvs layer and a protertve layer In the 

^Tso.lToTor'a silicone resin (-AY42-441". mfd. by Toray Silicone K.K.) in ..groin - ^ onto the 
photosSsZ layer by spray coating so as to provide a 0.2 um-thicK (after drying) intermediate layer, 
followed by drying to obtain the intermediate layer. 
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Example 23 

A photosensitive member was prepared in the same manner as in Example 20 except that a fluorine- 
containing silane coupling agent (CBCH.CHaSifOCH^) was used Instead of the one used in Example 20. 

5 

Example 24 

A photosensitive member was prepared in the same manner as In Example 20 except that 20 parts of 
the ftuorlne-contalning silane coupling agent was changed to 10 parts of a fluorine-containing graft polymer 
io of the formula: 

^3 



25 



30 



R l R 2 



O 

» K : : -CO-CH 2 -CH 2 -<CH2-hrCF3 



? l" 3 

-CO-CH 2 -CH-CH 2 -OOC-CH 2 -S -*C-CH 2 +3- H 
OH COOCHo 



(Vveigrtt-avarage molecular weight (Mw) of 25,000; fluorine content of 22 %}- 



Example 25 

A photosensitive member was prepared in the same manner as in Example 20 except that a fluorine- 
modified silicone oil fFL-100*. mfd. by Shinetsu Kagaku K-K.) was used instead of the fluor.n^contammg 
35 silane coupling agent. 

Example 26 

A photosensitive member was prepared in the same manner as in Example 20 except that a fluorine- 
40 containing surfactant (CF^SOzNC^CHzCOOH) was used instead of the fluorine-conta.n.ng silane coupling 
agent. 

Example 27 

45 A photosensitive member was prepared in the same manner as in Example ^ except «™\ t»» 
tetrafluoroethylene resin particles were changed to chlorotrtfluoroelhylene res.n particles < Dlflon , mid. by 
Daikin Kogyo K.K.). 



so 



55 



Example 28 

A photosensitive member was prepared in the same manner as in Example 20 except that 20 parte of 
the fluorine^ontaining silane coupUng agent was changed to 10 parte of a fluonne<ontajning slane 
coupling agent (d^CH 3 CH J Si(OCH a ) ! and 10 parts of a fluonne^onta.ning surfactant 
<C» U SQj NCHaCHjCOOH). 
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Example 29 

A photosensitive member was prepared in tha same manner as in Example 20 except for using an 
acrylic polymerfzable monomer of the formula: 



s 



ch 3 9 



¥ _ i 3 j 

CHa-CT-^OCKjOTzh^ C-CH=CH 2 

CH 3 

(m+n - 4) 



75 



instead of the acrylic polymerizable monomer and a fluorine-containing silane coupling agent 
(CeF^CHzCI^SCH^CHzSHOCHah) instead of the fluohne-containing silane coupling agent used in Exam- 
ple 20, respectively. 

20 Example 30 

A photosensitive member was prepared in the same manner as in Example 20 except that a CBL and a 
CTL were formed in reverse order. 

25 Example 01 

A photosensitive member was prepared in the same manner as in Example 20 except that the 
antimony-containing tin oxide fine particles were changed to eleetroconductive particles compnsmfl banum 
sulfate fine particles coated with oxygen-short tin oxide, U„ tin oxide containing oxygen less than 
so stolchiometry ("Pastran IV7FM \ mfd. by Mitsui Kinzoku Kogyo K,KL: average particle size of 0.1 urn). 

Example 32 

A photosensKive member was prepared in the same manner as in Example 20 except that fluorine- 
36 containing silane coupling agent was not used. 

Comparative Example 8 

A comparative photosensitive member was prepared in the same manner as in Example 20 except that 
40 the tetrafhjoroethylene resin particles used in the protective layer were not used. 

Comparative Example 9 

A comparative photosensitive member was prepared In the same manner as in Example 20 except that 
the tetrafluoroethylene resin particles and the fluorine-oontaining silane coupling agent used in the 
protective layer were not used. 

Comparative Example 10 

60 A comparative photosensitive member was prepared in the same manner as in Example 30 except that 
the protective layer was not used. - , 1 

Each of the thus prepared photosensitive members was evaluated in the same manner as in Example i. 
The results are shown In Table 3 appearing hereinafter. 

G6 Examples 33-39 

Seven photosensitive members for Examples 33 - 39 were prepared In the same manner as in 
ExampJes 20 - 26, respectively, except that a CQL was prepared in the same manner as in Example io. 
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Example 40 

A photosensitive member was prepared in the same manner as in Example 33 except that a fluorine- 
containing silane coupling agent was not used. 

Example 41 

A photosensitive member was prepared m the same manner as in Example 39 except that the fluorine- 
contalnlng surfactant was not used. 

Comparative Example 11 

A comparative photoserisftrve member was prepared and evaluated in the seme manner as In Example 
33 except that the protective layer was not used. 

Comparative Example 12 

A comparative photosensitive member wes prepared in the same manner as In Example 33 except that 
the tetralluoroethylene resin particles used in the protective layer were not used 

Comparative Example 13 

A comparative photosensitive member was prepared in the same manner as In Example 33 except that 
the fluorine-containing silane coupling agent end the tetrafluoroelhylene resin particles were not used. 

Each of the above prepared photosensitive members were evaluated in the same manner as in 
Example 10. The results are shown in Table 4 appearing hereinafter. 
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In the above Table 3, each evaluation results of the durability test denotes the following state. 
-Good-. Good images substantially free from Image delects wore obtained. 

iwlw-: Toner image* were not sufficiently transferred to a transfer.rece,v,ng materia, to form 

mottled or spotted images. 

"Image flow": Image flow was observed. 
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"Poor image density"; The resultant images had poor image density, 
"Image blur": Image blur was observed. 

the photosensitive member was not subjected to measurement or observation because the CGL 

was considerably abraded. 

Table 4 



TO 



16 



25 



Ex. 




Transfer memory 
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As shown in Table 3, the photosensitive members prepared in Examples 20 - 31 accordmg to the 
present Invention provided good electrophotographic properties Image-forming Propertes J™**** 
environmental conditions (i.e.. N/N. LA. H/H). The photosens^e member prepared ' « B-mpte 32 
according to the present invention also provide good electrophotographic property at the '"h"**** 
provided image flow after 50,000 sheets of copying. However, such properbes of the photosonsrtwe 
member prepared in Example 32 were still acceptable level for practical use 

WWwespect to the comparative photosensitive members prepared in Comparative Examples 7 - 10. 
each evaluation result was as follows. 

(Comparative Example 7) 

The comparative photosensitive member showed good electrophotographic properties at the initial 
WbTm rSBT P^ded good images after abou. 10.000 sheets of copying due to a decreased 
changeability. - 

(Comparative Examples 8 and 9) 

The comparative photosensitive members failed to provide Images over a wide area from the initial 
atage ano pLded image blur under H/H. Further, after 50,000 sheets of copying, -mage flow was • 
observed. 

(Comparative Example 10) 

Image blur was caused to occur under H/H and good images ware not obtained after about 10,000 
sheetsTcopying due to a remarkable decrease in photosenslflvfty caused by abrasion ofthe OQL 

In addition the comparative photosensitive members prepared in Comparative Bcamptes 7-10 showed 
considerable poor pause mamory characteristic whan compared with those prepared .n Examp.es 20 32 

*™ r "lZT m T^ rr^otosensitiva members prepared in ^ee 33 - 39 a^g to the 
present ZZZ provided good transfer memory when compared with those prepared -n Comparative 
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Examples 11-13. 
Example 42 

An undercoat layer, a CGL and a CTL were formed on an aluminum cylinder fn the order in the same 
manner as In Example 1 except that the following bisazo pigment of the formula: 



HNOC OH 





was used Instead of the bisazo pigment for use In the CGL and me following trlarylamine compound of the 
formula: 



30 



36 



^^^^ 

was used instead of the one for use in the CTL prepared in Example 1. respectively. 
Then, a dispersion for a protective layer was prepared as follows. 

25 parts <* an acrylic polymerizabte monomer, to be used as a binder resin, of fhe formula: 

O CH, 0-CH 2/ CHiCH« 

CH,=CH- COCHs-i-CH C 

dH, O-CH, CH 4 OC-CH=CH> 

o 

« 0.1 parts of z-methylthfoxanthone as a photopofymerization initiator, 50 parts of an^or^-C^rtna tin 
oxide fine partictes (T-r. mfd. by Mitsubishi Material K.K.; average parhcle size of O.02 urn), and 300 
£S i "olEne were mixed by a sand mill for 96 hours. To the mixture. 35 pate * 
particles ("Lublon L-2\ mfd. by DaiWn Kogyo K.K.) and was added, followed by stirring for 4 hours by the 
sand mill to form a dispersion for a protective layer- 

The thus prepared dispersion was applied onto the photosensitive layer by spray coetong end d ed 
followed by uSolet ray Irradiation for 10 seconds by means of a high-pressure mercury lamp at a hght 

in,B Ss^mS'protective layer was disposed on the photosensitive layer, whereby a photosensitive 
member of tha present invention was prepared. 

so 

Example 43 

A photosensitive member was prepared In the same manner as In Example 20 except that the acrylic 
polymerizabte monomer was changed to an acrylic polymerizable monomer of the formula: 
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0 

i 

CH 2 OC-CH=CH 2 
O 



CT 3 CH 2 -C-CH 2 OC-CH^CH2 



CH 2 OC-CH^CH 2 
0 



is Example 44 

A photosensitive member was prepared in the same manner as in Example 43 except that the surface 
treatment of the fine particles was performed in the following manner. 

too parte of anttmony-coritalninfl tin oxide fine particles CT-1". mfd. by Mitsubishi Materia! K 
,o average particle size of 0.02 urn), 10 parts of ^methacryloxypropyMrlmeth^silane ("KBJMW , mid by 
- Shineteu Kagaku K.K.), 1 part of acetic acid, and 1000 parts of water were subjected to J* ~ hou ^ 
by a milling device. After the mining, the mixture was filtered and then the filtrate was dr.ed for 5 hours at 
1 20 °C to effect surface treatment of the fine particles 

is Example 45 

A photosensitive member was prepared in the same manner as in Example 43 except for ^rmer addng 
25 parts of ^-mathacrykcxypropyrtrimethoxysilane CKBM-503", mfd. by Shinetsu Kagaku Kogyo KK.) to a 
dispersion for a protective layer. 

30 

Example 46 

A photosensitive member was prepared In the same manner as in Example 43 ' cwcept that the 
tetrafluoroethytene resin particles were changed to chlorotrifluoroethylene resin parties ( Oiflon , mid, by 
35 Daikin Kogyo K.K.). 

Example 47 

A photosensitive member was prepared in the same manner as in Example 42 except that a CGL and a 
40 CTL were formed In reverse order. 

Example 46 

An undercoat layer and a CGL were formed on an aluminum cylinder in the same manner as in 
45 Exai £^ ™ e CQL ^ a 90lu fl 0n of , o parts of a triarylamlne compound of the formula: 

\ CH, CH, 
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and 10 parts of a polycarbonate resin ("lupiron Z-200". mfd. by Mitsubishi Gas Kagaku K.K.) in a mixture 

solvent of 20 parts of dichloromethane and 60 parts of monochloroberuene was applied by dipping. 

followed by drying for 60 minutes at 1 20 °C to form a 15 urn-thick CTU Thus, a photosensitive layer was 

disposed on the etectroconductSve support, 
s Then, a dispersion for a protective layer was prepared as fellows. _ 

30 parts of a heat-curable acrylic resin {"DIANAL Hft-620". mfd. by Mitsubishi Rayon K.K.) as a binder 

resin 50 parts of antimony-contelning tin oxide fine partides {"T-1 mfd. by Mitsubishi Material K.K.; 

average partide size of 0-02 m). 150 parts methylethylketone. and 150 parts of ethyl cellosolve acetate 

were subjected to mining tor 48 hours by a milling device. To the mixture, 30 pats of tetrafluoroethylene 
,o resin particles ("Lublon L-2". mfd- by DaiWn Kogyo K.K.) was added, followed by stirring for 10 hours by 

the sand mill to lorn a dispersion for a protective layer. 

The thus prepared dispersion was applied onto the photosensitive layer by spray coating and dried for 

4 h ^hu?a e'ttm-thick protective layer was disposed on the photosensitive layer, whereby a photosensitive 
i s member of the present invention was prepared. 

Comparative Example 14 

A comparative photosensitive member was prepared in the same manner as In Example 43 except that 
20 the protective layer was not used. 

Comparative Example 15 

A comparative photosensitive member was prepared in the same manner as in Example 43 except that 
2S the tetrafluoroethylene resin particles used In the protective layer were not used. 

Comparative Example 1B 

A comparative photosensitive member was prepared in the same manner as in Example 48 except that 
30 the tetrafluoroethylene resin particles used in the protective layer were not used. 

Comparative Example 17 

A comparative photosensitive member was prepared in the same manner as m Example 47 except that 
as the protective layer was not used. 

Comparative Example 18 

A comparative photosensitive member was prepared in the same manner as In Example 42 except that 
40 the antimony-containing the oxide fine particles used in the protective layer were not used. 

Each of the thus prepared photosensitive members was evaluated in the same manner as nE^JI 
except that 50.000 sheets of copying was changed to 30.000 sheets of copying. The results are shown in 
Table 5 appearing hereinafter. 

45 Examples 49-54 

Six photosensitive members for Examples 49 - 54 were prepared in the same manner as in Example 42 
- 47. respectively, except that a CGL was prepared In the same manner as in Example 42. 

so Comparative Example 19 

A comparative photosensitive member was prepared m the same manner as in Example 48 except that 
the protective layer was not used. 

66 Comparative Example 20 

A comparative photosensitive member was prepared in the same manner as in Example 48 except that 
the tetrafluoroethylene resin particles used in Ihe protective layer were not used. 

25 

PAGE 53/67 ' RCVD AT 2/26/2007 3:24:22 PM [Eastern Standard Time] * SVR:USPTO-EFXRM/22 * DNIS:2738300 * CSID:61245M801 * DURATION (mm-ss):21-04 



02/26/2007 14:00 612-455-3801 



HSML, P.C. 



PAGE 54/67 



EP 0 60S 074 A1 



Comparative Example 21 

A comparative photosensitive mamber was prepared in the same manner as in Example 50 except 
the tetrafluoroethylene resin particles used in the protective layer were not used. 

Comparative Example 22 

A comparative photosensitive member was prepared in the same manner as in Example 54 except 
the protective layer was not used. 

Each of the above prepared photosensitive members were evaluated in the same manner & 
Example 10. The results are shown in Table 6 appearing hereinafter. 
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In the above Table 5, each evaluation results of the durability test denotes the following state. 
-Good": Good images substerrttally free from Image defects were obtained. 

TOsfet failure": Toner ims** were not efficiently transferred to a transferring material to form 
mottled or spotted Images. 

-image flow": Image flow was observed. 
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"Poor Image density": The resultant images had poor image density. 
"Image blur": Image blur was observed. 

The photosensitive member was not subjected to measurement or observation because the CGL 
was considerably abraded or the residual potential was too large. 

Table B 
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As shown in Table 5. the photosensitive members prepared in Examples 42 - 4a ao^rdinoto tha 
present Invention provided good electrophotographic properties, image-forming properties under any 
environmental conditions (j.e., N/N, L/U, H/H). 

With respect to the comparative photosensitive members prepared in Comparative Examples 14 ■ 18. 

each evaluation result was as follows. 
(Comparative Example 14) 

The comparative photosensitive member showed good electrophotographic pmpertfes at the MM 
stage but failed to provided good images after about 10,000 sheets of copying due to a decreased 
changeability. 



40 



(Comparative Examples 15 and 18) 

The comparative photosensitive members failed to provide images 
stage and provided image blur under H/H Further, after 50,000 sheets 
observed. 



a wide area from the initial 
of copying, image ftow was 



so 
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(Comparative Example 17) 

image blur was caused to occur under H/H and good images were net obtained about 6,000 
sheets of copying due to a remarkable decrease in photosensitivity caused by abrasion of the CGL 

(Comparatlve Example 18) 

The comparative photosensitive member showed a considerable high residual potential and accordingly 
did not deserve evaluation of image forming properties, an aeration degree, and pause memory characx- 

teri8 £ S described hereinabove, according to the present invention, there is provided a £otoi^ 
member having good etetrophotographio properties substantially free from a decrease In photosensitivity 

and an increase in residual potential. ^h**«k«ki h»r»j*m*fi 

The photosensitive member stably provides high quality Images even when u3 ^;jf^^* uf * 
the Ztosensmve member has a protective &yer exceltont in a surface releasab.hty, a resistance to 
abrasion and an environmental stability. 
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The photosensitive member steo provides improvements In pause memory characteristics and a 

transfer memory. . 4A . 0 

In addition, the comparative photosensitive members prepared in Comparative Examples 14 - IB 
showed considerable poor pause memory characteristic when compared with those prepared in Examples 
42 - 4B according to the present invention. 

As shown in Table 6. the photosensitive members prepared In Examples 49 - 54 according to the 
present invention provided good transfer memory when compared with those prepared in Comparative 

EXfl ^^ectro P ?otographic photosensitive member Is constituted by disposing a protective layer and a 
photosensitive layer on an electroconductive support in this order. The protective layer Is characterized by 
containing an olectroconductive particles, fluorine-containing resin particles and a binder resin. The 
photosensitive layer is suitable for providing an electrophotographic apparatus sh ow^ngexce lent elec- 
Sophotogrephio characteristics such as a high photosensitivity and a low residual prtantal and ateo 
providing good Image forming proparties under any environmental condition, improved pause memory 
characteristics and a decreased transier memory. 

Claims 

1. An electrophotographic photosensitive member, comprising: an olectroconductive support, and a 
photosensXeTyer and a protective layer disposed on the electroconductive support In ft.s order 
wherein said protective layer comprises olectroconductive particles, fluorine-contanlng ream particles 
and a binder resin. 

2. A photosensitive member according to Claim 1, wherein said electroconductive particles comprise 

35 metal oxide. 

3. A photosensitive member according to Claim 1. wherein said electroconductive particles have an 
average particle size of at most 0.3 urn. 

J0 4. A photosensitive member according to Claim 3. wherein said electroconductive particles have an 
average particle size of at most 0.1 um. 

5. A photosensitive member according to Claim 1. Wherein said fluorine-containing resin particles 
comprise tetrafluoroethylene resin or vinylidene fluoride resin. 

36 6. A photosensitive member acceding to Claim 1 , wherein said binder resin comprises a curable resin. 

7 A photosensitive member according to Claim 1. wherein said protective layer further J™P ris ^j* ^ 
' one species of a compound selected from the group consisting of a coupling agent, a surfactant a 
40 silicone oil, and a graft polymer having a water-repellent group. 

a. A photosensitive member according to Claim 7. wherein said compound contains fluorine atom. 

9. A photosensitive member according to Claim 7 or 6. wherein said electroconductive particles have 
4$ been subjected to surface treatment. 

10. A photosensitive member according to Claim 1. wherein said photosensitive layer comprises a charge 
generation layer and a charge transport layer. 

so 11 A photosensitive member according lo Claim 1, further comprising an intermediate layer disposed 
between said electroconductive support and said photosensrtive layer. 

12. An electrophotographic apparatus, comprising: an electrophotographic photosensitive member accord- 
£ 1. means to forming an electrestaiic iatent image, means for 

etoctrostatic latent image and means for transferring the developed ^ *> a transfer-rec^.ng 
material. 
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13. A device unit, including: an elettt^riotographlc photosensitive member according to Claim t and at 
least one means selected from a charging means, a developing means, and a cleaning means; 

wherein said photosensitive member, and said at least one means selected from the charging 
means, the developing means, and the cleaning means are integrally supported to form a single unit 
which can be connected to or released from an apparatus body as desired. 
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